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© Lamina for the rotation of the direction of polarisation In an optical fibre and Its.appllcatlon. 



© A rotating lambda/2 lamina is accomplished with 
optical fibres by applying transversally to the fibre 
itself at least three sinusoidal forces (Fi, Fa, Fa; F i, 
f'2, F3) having constant maximum amplitude, which 
act in radial directions at 120* one to the other and 
are out of phase over time by 120 one from the 
other. 

Among its possible applications there is particu- 
larly envisaged that related to optical fibre frequency 
^modulators-translators, in which one or more rotating 
^■lambda/2 laminas (23) are alternated with as many 
§J static lambda/2 laminas (25) ( all made of -optical 
fibres. 
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Rotating optical fibre lambda/2 lamina and Its applications. 



The present invention has as its object a rotat- 
ing optical fibre lambda/2 lamina and its possible 
applications. 

Development of optical fibre communications 
and of optical fibre sensor equipment requires the 
availability of advanced electro-optical components 
for processing the signal. There are three compo- 
nent families which may be identified: discrete op- 
tical components, optically integrated components, 
"optical fibre" components. The latter family shows 
a particular application interest in that the accom- 
plishment of components will "all-fibre" techniques 
in optical fibre systems avoids the insertion losses 
inevitable with the other two families. In addition an 
"all-fibre" component allows the accomplishment of 
highly reliable, low cost flexible and easily repro- 
ducible optical fibre circuits. 

Among the "all-fibre" components which have 
been accomplished to this day, there is a compo- 
nent missing which is very important for its possi- 
ble applications: a rotating lambda/2 lamina. The 
static lambda/2 lamina has been one of the first 
components to have been developed completely in 
optical fibre exploiting the birefringence effect in- 
duced by deformation on the fibre. To this day, 
however, no teachings have been presented to 
make the lambda/2 lamina rotate, also at high 
speed, continuously and with no limitations. 

The current lack of a rotating optical fibre 
lambda/2 lamina constitutes a brake for the devel- 
opment of some components in the communica- 
tions field. This is particularly true for optical fibre 
frequency modulators, which play an important role 
in all optical processing techniques. The use of 
such devices, when used as frequency translators, 
in fact allows the displacement of the detected 
signal from the low-frequency noise area and the 
determination of the phase slip sense. The latter is 
particularly important in the case where coherent 
detection is applied to velocity-measuring or 
gyroscopic Doppler laser techniques, wherein fre- 
quency modulation is added to the carrier. 

As regards communications in general, the 
availability of optical fibre frequency modulators is 
useful both in the development of optical systems 
for coherent-type transmission and for accomplish- 
ing the frequency-divider multiplexing function. 

The two great directions of technological devel- 
opment, represented by integrated optics and by 
ail-fibre components, do not at this time propose 
an effective solution for frequency modulator-tran- 
slators. In the first case the negative factor is 
represented by high losses and difficulties of inser- 
tion presented by optically-integrated components, 
in the second case the overall inefficiency and 



. unreliability of all-fibre devices proposed to this 
day. As regards the latter, whether they are based 
on serrodyne-type techniques or on moge-coupling 
(spatial and polarization), the problem remains 
5 open in particular of developing a device which 
may associate the advantages of an efficient modu- 
lation with that of an easy insertion in an all-fibre 
circuit. 

In view of this state of the art, the main object 

ro of the present invention is to accomplish a rotating 
lambda/2 lamina completely made of optical fibre. 

A further object Is to accomplish its possible 
applications in the field of communications, in par- 
ticular as regards frequency modulators (or tran- 

rs slators). 

The above main object, according to the inven- 
tion, is accomplished by a rotating optical fibre 
lambda/2 lamina, characterized in that it includes 
means for applying transversaily to an optical fibre 

20 at least three forces acting in radial directions an- 
gularly displaced at 120* one from the other, said 
forces having a sinusoidal form over time and the 
same maximum amplitude and being out of phase 
one from the other over time by 120* . 

25 The principle on which the lamina according to 
the invention is based is the following. As is well 
known, the effect of two equal and contrary forces 
acting on a monomodal optical fibre is that of 
making it birefringent It is thus possible, within the 

30 fibre, and with appropriate compression values, to 
create the effect of a retarding lambda/2 lamina, 
which is in fact characterized by a given value of 
birefringence. 

The birefringence induced on the fibre may be 

35 represented using the system known as a 
"PoincarS sphere", wherein linear bifrefringence is 
defined by a vector having module equal to the 
numerical value of the birefringence, with direction 
coincident with a radius of the sphere, lying in the 

40 equatorial plane, and sense given by the conven- 
tion with which the light's rotation has been se- 
lected. It can be shown that, when various causes 
of birefringence act on the same fibre section, the 
overall effect on the polarization state is obtained 

45 by vectorially adding the individual birefringence 
vectors. The problem of obtaining a birefringence 
having constant and rotating amplitude, that is a 
rotating lambda/2 lamina, is thus reduced to the 
problem of obtaining a vector having constant and 

so rotating amplitude on the equatorial plane of a 
PoincarS sphere. 

According to the invention as defined above, 
this is obtained by applying transversaily to the 
fibre three forces of equal amplitude acting along 
three different directions at 120* one from the 
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other. To each of said three forces the other two 
react so as to define a reaction force opposite to 
the first in the same direction but in the contrary 
sense. Three corresponding birefringence vectors 
are thus created, plotted on the sphere's equatorial 
plane and at a 120* angle one from the other. Still 
according to the invention defined above, when a 
sinusoidal form over time is applied to the above 
three forces with equal maximum amplitude and if 
the forces are out of phase one from the other by 
120* over time, there is obtained a birefringence 
vector having an absolute value which is constant 
over time but which continually changes direction, 
rotating at an .angular speed equal to the pulsing 
action of the control signal of the fibre compres- 
sion. Such rotating vector is evidently representa- 
tive of the rotating optical fibre lambda/2 lamina 
which it was desired to obtain. 

Such a lamina may be used in several applica- 
tions in the field of optical processing of signals. In 
particular it is suitable for the accomplishment of 
an optical fibre frequency modulator-translator, 
wherein one or more rotating optical fibre lambda/2 
laminas are alternated with an equal number of 
static lambda/2 laminas to determine together with 
a lambda/4 lamina and a polarization beam divider 
a pair of orthogonal polarization components trans- 
lated one with respect to the other by four times 
the frequency of the original beam or by a multiple 
thereof (according to the pairs of lambda/2 laminas 
used). 

In this way an optical fibre frequency modulator 
is obtained which, with respect to the systems 
known up to now, presents the following advan- 
tages: limited size, very low operating power, use 
of simple monomodal fibres, use of simple 
sinusoidal power supply signals, wide frequency 
band, simplicity of reproduction, possibility of being 
easily inserted in an optical fibre circuit. 

The features of the present invention will be 
more clearly understood by referring, as an exam- 
pie, to the enclosed drawings, wherein: 

Fig. 1 shows a schematic representation of 
the principle of the rotating optical fibre lambda/2 
lamina according to the present invention; 

Fig. 2 shows a schematic representation of 
the equatorial plane of a Poincard sphere related to 
the distribution of forces of Fig. 1, assuming that 
such forces have constant amplitude; 

Fig. 3 shows the real variations of the above 
forces over time and the corresponding representa- 
tions of the refringence vectors in the equatorial 
plane of a Poincare sphere; 

Fig. 4 shows a perspective view of an em- 
bodiment of a rotating optical fibre lambda/2 lamina 
according to the present invention; 

Fig. 5 shows the assembly of Fig. 4 in an 
exploded perspective view; 



Fig. 6 shows in a schematic form an optical 
fibre frequency modulator accomplished by using a 
rotating lambda/2 lamina according to the present 
invention; 

5 Fig. 7 shows in a schematic form another 

optical fibre frequency modulator accomplished by 
using a plurality of rotating lambda/2 laminas ac- 
cording to the present invention. 

w In Fig. 1 there is represented schematically in 
a transverse cross-section and indicated with 1 1 an 
optical fibre to which three forces of equal am- 
plitude Fi, F 2 , F 3 are transversally applied acting in 
respective coplanar radial directions displaced by 
is 120* one from the other. To each of said forces 
(say, Fi) the other two react, giving rise to an equal 
and opposite force (F'i in the example considered, 
F 2 and F' 3 in the other cases) which in combina- 
tion with the main one give rise to a respective 
20 birefringence vector indicated with Bt, B2, B3 re- 
spectively In the representation of a Poincare 
sphere in Fig. 2. Alternatively, pairs of equal and 
opposite forces Ft , f'i; F 2i F 2 ; F 3 and F 3 may be 
applied directly to the optical fibre. 
25 According to the invention the three forces Fi , 
F2, Fa (and any opposite forces F 1, F 2, F 3) are 
made to oscillate over time with a sinusoidal form 
having a constant ampjitude and out of phase one 
from the other by 120* as shown in the Cartesian 
30 diagramme of Fig. 3, wherein F indicates the force, 
t the time, ti, t2 and t3 the instant of maximum 
amplitude of the forces Fi , F 2f Fa. 

The result is a resultant birefringence vector B, 
which rotates in the equatorial plane of a PoincarS 
35 sphere around the centre of the latter, assuming at 
the instants ti, t2, t3 the positions indicated in Fig. 
3. Its speed of rotation is equal to the pulsing 
action of the control signal of the forces F1.F2.F3. 
The rotating vector B is representative of the 
40 rotating optical fibre lambda/2 lamina according to 
the present invention. 

Rg.s 4 and 5 show an embodiment of the 
above lamina, inspired by the functional principles 
illustrated in Fig.s 1 to 3. 
45 A chuck or collet 12 with three equal circum- 
ferentially distributed sectors 13 clamps the optical 
fibre 11 so as to apply three radial forces Fi, F 2 . 
Fa to it and, by reaction, opposite forces F 1, F 2, 
F 3 respectively. The above sectors are provided 
50 with flat internal faces so as to apply each of the 
above forces according to a single generator of the 
optical fibre, that is according to the representation 
of principles of Fig. 1. 

The chuck 12 is held radially inside a cylin- 
55 drical bush 14 having three equal sectors 15, which 
in turn is located inside a piezoceramic housing 16 
also having three equal sectors 17. The whole is 
housed inside a cylindrical shell 18, which is poten- 
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tially closed by a flange 19 fastened with screws 
20. The flange 19 is traversed by a central hole 21 
for the passage of the optical fibre, as well as of 
respective pairs of power supply cables 22 for the 
individual sectors 17 of the piezoceramic housing 
16. Each cable evidently carries a sinusoidal elec- 
trical signal for the generation of a respective force 
signal Fi, F 2 , F 3 through the piezoceramic. 

The assembly described above forms a rotat- 
ing optical fibre lambda/2 lamina according to the 
present invention, which is indicated as a whole 
with the numeric reference 23. 

One possible utilization of the above lamina is 
that of the formation of optical fibre frequency 
modulators-translators. 

Rg. 6 shows the simplest version of such a 
modulator, which includes a rotating lambda/2 
lamina 23 accomplished with optical fibres accord- 
ing to the present invention, a static lambda/4 
lamina 24 also made of optical fibres and a po- 
larized beam divider 26, also preferably accom- 
plished with optical fibres. 

Due to the above structure, assuming that the 
rotating lamina 23 is rotated at a frequency f, a 
beam of laser light L linearly polarized at a fre- 
quency f running along the optical fibre of the 
modulator is subjected to a frequency translation 
identifiable when the two orthogonal polarization 
components l' and L" are extracted from the same 
beam U at frequencies F +2f and f -2f, respec- 
tively. In this case one of the two components is 
translated by a frequency 4f with respect to the 
other. 

Instead of just one rotating optical fibre 
lambda/2 lamina according to the present invention, 
the frequency modulator can include any number 
of them N, alternated with as many static lambda/2 
laminas 25, as shown in Rg. 7. 

In which case, after the subdivision operated 
by the beam divider (not illustrated in Rg. 7 but 
located immediately downstream from the 
lambda/4 lamina 24) components are obtained 
which are reciprocally translated by 4Nf one with 
respect to the other. 

In this way, by suitably selecting the number of 
pairs of rotating and static laminas 23 and 25. it is 
possible to vary the modulation frequency even up 
to a very high value while still maintaining un- 
changed the oscillating frequency of the forces 
exerted on the optical fibre. 



radial directions angularly displaced aM20* one 
from the other, said forces (Ft, F 2t F 3 ; f'i, f' 2) f' 3 ) 
having a sinusoidal form over time and the same 
maximum amplitude and being out of phase one 
s from the other over time by 120 * . 

2. Lamina according to claim 1. characterized 
in that said forces (Fi, F 2 , F 3 ; f'i, f' 2 , f' 3 ) are 
constituted by pairs of opposite forces (Fi, f'i; F 2i 
f' 2 ; F 3 , f' 3 ) individually applied to the optical fibre 

to (11). 

3. Lamina according to claim 1 , characterized 
in that said means (12, 14. 16, 22) include a chuck 
and at least three sectors (12) Included in a bush 
having at least three sectors (14) inserted in a 

75 piezoceramic housing (16) having at least three 
sectors, each sector (17) of said piezoelectric hous- 
ing (16) being connected to a respective electrical 
power supply cable (22) for a sinusoidal electrical 
signal having constant maximum amplitude, out of 

so phase over time by 120* with respect to the other 
two. 

4. Optical fibre frequency modulator, character- 
ized in that it includes at least one rotating optical 
fibre lambda/2 lamina (23) according to claims from 

25 1 tO 3. 

5. Optical fibre frequency modulator, character- 
ized in that.it includes a plurality of rotating optical 
fibre lambda/2 laminas (23) according to claims 
from 1 to 3, alternated with as many static optical 

30 fibre lambda/2 laminas (25). 
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Claims 

1. Rotating optical fibre lambda/2 lamina, char- 55 
acterized in that it includes means (12, 14, 16. 22) 
for applying transversaliy to an optical fibre (11) at 
least three forces (Fi , F 2l F 3 ; f'i , F 2 . F 3 ) acting in 
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© A rotating lambda/2 lamina is accomplished with 
optical fibres by applying transversally to the fibre 
itself at least three sinusoidal forces (Fi, F2, F 3 ; Pi, 
P2, Pa) having constant maximum amplitude, which 
act in radial directions at 120* one to the other and 
are out of phase over time by 120* one from the 
other. 

Among its possible applications there is particu- 
larly envisaged that related to optical fibre frequency 
modulators-translators, in which one or more rotating 
lambda/2 laminas are alternated with as many static 
lambda/2 laminas. all made of optical fibres. 
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